In this paper we present a method to value health losses or gains by looking at the impact on well-being of a change in health status. We estimate the equivalent income change that would be necessary to change general satisfaction to the same extent as a change on health would. In other words, we estimate the income equivalent variation of health changes. Next, we link the health changes to specific diseases, and, we estimate the income equivalent for various diseases. We apply our method on a large German data set. We distinguish between workers and non-workers and between East and West. We find for instance that for West-workers hearing impediments are on average equivalent to an income reduction of about 23%, and that heart blood difficulties are for the same group equivalent to 53% income reduction.
Introduction
One of the dominant issues in Health Economics is the evaluation and valuation of health. As health costs escalate due to both an increase in longevity and a considerable development of expensive technological advances, society and policy makers ask themselves whether the sky is the limit. If not, health policy decisions need to be evaluated against costs and benefits, including opportunity costs. There is a second field where the evaluation of health is becoming increasingly important. It is in health damage insurance and lawsuits. Injured individuals have to be compensated for their health losses including intangible damages.
The costs associated with an illness (or benefits of recovering from it) are of diverse nature. First, there are economic costs such as medical care, informal care in the household, or income losses due to working absence. Second, there are intangible costs or costs due to the loss of health per se. In this paper we focus on the intangibles.
Being healthy is one of the most relevant aspects of individuals' well-being [1] and, thus, a decrease in health decreases individuals' satisfaction with life. Therefore, one way to measure the value of health is by looking at the reduction (increase) of individuals' well-being due to a deterioration (improvement) of health. Such health gains are valued in terms of a health utility function. Health economists usually assume that health-utility (or satisfaction with health) is bounded between 0 and 1, where 0 is the value assigned to the status of death and 1 to living perfectly healthy [2] . Between these extremes, researchers try to find 'weights' for different illnesses that cause a reduction of health-utility. The most widely used approach for that purpose is known as the QALY (Quality-Adjusted Life Years) approach. There are several competing methods to operationalize this concept. One of the methods use to estimate the QALY's is by means of 'self-reported' health questions posed to people with the disease, or to a random group of people including but not restricted to sufferers from the disease [3, 4, 5] . Other measurement procedures are based on the Standard Gamble methods or the Time Trade-Off method. We can then compare therapies and diseases in terms of QALY's per dollar, i.e. performing cost-utility analysis. Alternatively, one can translate QALY's in monetary terms, i.e. monetarize 'life-years'. There are diverse methods such as looking at the economic growth forgone per year [6] . A different approach is to use contingent valuation methods (CVM) to elicit Willingness To Pay (WTP). We come back to this in Section 6.
In this paper, our objective is not to operationalize an alternative QALY concept. Rather we circumvent it. We see health satisfaction as one of the domains of life. Other domains include financial satisfaction, job satisfaction, etc. Health satisfaction, operationalized by using self-evaluations of health is seen as one of the variables explaining individuals' General Satisfaction with 'life as a whole'. General Satisfaction (GS) and all Domain Satisfactions (DS) are measured subjectively, i.e. using questionnaires. Recently, we estimated a structural model for individuals' wellbeing [7] . Building on that model, we assess the impact on general satisfaction of a change in health via changes in health satisfaction. We then estimate the equivalent income change that would be necessary to change general satisfaction to the same extent. In microeconomic vocabulary, we look for the income equivalent variation of health changes. The empirical analysis of the GS model is based on a large German panel data set (GSOEP). This paper is organized as follows. Section 2 presents the model. Section 3 describes the data. Section 4 shows the estimates of the model. Section 5 introduces the relevant money values of health gains and losses. Section 6 concludes.
This approach follows the suggestion by Fuchs [8] , who writes that 'measurement and analysis of quality of life' is one of the 'promising areas for future work' in health economics (p. 147).
The Model
In this section we shall outline our model in simple terms. Let us assume that individuals' well-being depends on only two variables, viz., their income y and their health H. In that case we may describe well-being as a function of y and H, say
Indifference curves in the ) , ( H y -space are sketched in Figure 1 . The slope of these indifference curves reflects the shadow price of health. More precisely, we look for the income reduction, say y ∆ , which is equivalent to a deterioration of health, say by H ∆ .
[ Figure 1 about here]
Consider an individual at A, who experiences a health loss bringing him down to D.
The monetary equivalent may be measured in two ways. The income change equivalent with the health loss AD is the income loss AC. We call this the equivalent income variation. In our case it is measured in terms of a percentage of original income. The second way is to look for the additional income DB, needed to bring the individual back at his or her original level of well-being. We call this the 6 compensating income variation. The equivalent income variation amount is found by solving the equation
When H ∆ tends to zero we find the so-called shadow price of health 
Until now individuals' well-being depended only on y and H. When describing this abstract model, however, we have in mind a more complex model, which we recently estimated for a large German household survey [7] . We shall refer to that study as PFF. Actually, the estimated outcomes of that study can be used for the present study.
We assume that well-being or, as we call it in PFF, General Satisfaction (GS)
depends on a vector of domain satisfactions (DS The model is graphically illustrated in Figure 2 .
[ Figure 2 about here]
Detailed specifications and the estimated model, as far as relevant for the present subject, will be shown in Section 4. What is relevant for this paper is that GS (after suitable specification) can be modeled and explained according to the equation Figure 2 ).
The exact specification and model estimates will be presented in Section 4.
However, here we notice already that in the estimated model income is specified in terms of ln-income. Thus, our well-being function shows decreasing marginal utility of income. Another characteristics of our specification is that well-being depends on both on the logarithm of age and log-squared of it.
In order to make the calculation method applicable in practice, we have to specify H ∆ numerically. In other words, we have to specify the health change from a base situation in a 0 to 10 scale. If we can translate the health change due to real diseases with changes in HS, then it is also possible to calculate the money value of health damage, due to diseases such as 'difficulty in seeing', and 'diabetes'. This step will be taken in Section 5.
Description Of the Data.
For the empirical analysis of the structure of well-being, we make use of the German Socio-Economic Panel (GSOEP) [10, 11] . The GSOEP is a longitudinal household panel, which was started in the Federal Republic of Germany in 1984. After the reunion East-German households have also been included. In [7] we developed and estimated a 'structural' model of well-being.
Our sub-data set covers more than 19,000 individuals of which about 30% are Eastern individuals. We studied the period from 1992 to 1997. As the two regions of the country have separately lived under very different regimes for 45 years, it seems obvious that we look at the two regions as different sub-samples with individuals who behave differently. Although there is a continuous process of adaptation to the West, it seems warranted to consider the two sub-samples over the period considered as reflecting two populations. A considerable part of the respondents are non-working.
Also here we thought it was wise to consider them as different populations, given the scope of our study. About 30% of Western non-workers are 65 years old or older, and 65% are females. For the Eastern non-workers, these percentages are 26% and 62%
respectively. So we ended up with four sub-panels of individuals.
It is conceivable that Easterners move to the West and reversely or that individuals without a job a get paid work. Those transitions are, however, fairly rare [12, 13] , so we preferred to define a respondent that switches from one status (regional or employment-wise) to another as a new respondent in the new group.
The GSOEP-survey is interesting to us as it contains a set of subjective satisfaction questions with respect to DS. They run like this: Table 1 presents some summary statistics of the data. Satisfactions are on a 0 to 10 scale. Table 1 also presents also the household monthly net income in German Marks.
[ Table 1 about here]
The Estimated Model
In Section 2 we gave a short description of the model. In [7] we estimated the full model with six domains using an ordered probit model. As the data set covers 6 consecutive years we also include 5 time dummies (fix effects). In order to account for the individual unobserved component we introduced individual random effects.
Hence, the disturbance term for domain j, individual n, and time t is
where jn v is the individual random effect. We postulate the usual assumptions, i.e.
. Bothη and are normally distributed.
We have 1 ) ( ) (
. Finally, we assume that disturbances referring to different domain satisfactions are mutually independent. If this would not be the case, our estimates are still consistent.
For each domain we specified an ordered probit equation, where we assume a latent variable 6 ,...
, which has to be explained. For DS we assumed the following model. Let the discrete response be denoted by S D , then we assume
We notice that, due to the individual random effect, ) ( 2 ε σ is not equal to one, as standard in probit analysis, but it equals 1 ) (
has to be estimated.
The fact that we have to apply ordered probit analysis on panel data, makes the analysis technically more difficult. However, it is possible to estimate ordered probit equations on a panel, including individual random effects. We use LIMDEP 7.0 for this job.
Similarly to the decomposition ofε into a time-variable and a time-constant component, we decompose some of the explanatory variables into their mean over the observation period and the deviation from that mean, that is ) (
By putting both nk x and nkt x into the equation as explanatory variables we are able to identify a level effect and a shock effect. The level effect is the sum of the coëfficiënts of x and x. By this decomposition we also avoid that the individual random effect jn ν takes over the role of nk x [16] .
Thus, we estimate for the six domain satisfactions by means of ordered probit analysis the following equations
The selection of the explanatory variables depends on the specific domains.
In this paper we only reproduce the estimates for the equations relating to financial satisfaction and health satisfaction (Tables 2 and Table 3 respectively). For the estimated DS-equations we refer to [7] . The coefficients from the other DS, which we need in order to assess the value of health are tabulated in Table 6 .
The second stage of the model is the specification and estimation of General Satisfaction (GS). We postulate,
This equation is also estimated by ordered probit with individual random effects and fix time effects. There is, however, one feature that has to be taken into consideration.
In 
That is, we take the conditional expectation of DS, given that the respondent n answers nt i on the discrete scale, and that n is characterized by the vector nt x . We may also write
Where the s ' µ are the well-known 'intercept' terms estimated by the ordered probit procedure. There is a simple formula by which the conditional expectations may be calculated. See [17] and [7] for details.
In Table 4 we present the estimate for the GS-equation where we include all the six domain satisfactions ( S Dˆ).
[ Table 2 about here] 
The coefficient 0.157 is the shock effect and 0.519 (=0.157 + 0.362) is the level effect.
The level effect are the effects that we shall use in our calculations in section 5. Apart from income we see a strong age effect which is parabolic in ln-age. Satisfaction falls with age under ceteris paribus conditions and reaches for Western workers a minimum at the age of 44. There is a notable effect of education: for Westerners, financial satisfaction rises with their education level. For Easterners the effect is nonsignificant (workers) or even strongly negative (non-workers). For workers, the number of adults in the household has a strong negative effect. For Westerners, the number of children has also a negative impact on FS. Moreover, we notice that the effect of income on FS becomes larger as one has more children to maintain (see the interaction term). Males are less satisfied than females and living together with a partner increases one's satisfaction with the financial situation. The presence of more than one income earner in the household has a slight negative non-significant effect.
Having savings makes one feel better.
The total residual variance is
The variance of v is estimated in the procedure while ) ( 2 η σ is standardized at one.
The relative contribution of the individual random effect to the total variance, that is
, turns out to be fairly large at about 35%. The estimated coefficients are proportional with the standard deviation of the disturbance term, which is usually normalized at one. In our case, however, this is around 1.2. Hence, comparing our coefficients with the coefficients of usual cross-section probit analysis has to be done with some care. Concretely, our coefficients for financial satisfaction have to be divided by 1.2 or multiplied by 0.8 to make them comparable with usual cross-section probit effects.
[ Table 3 about here] Table 3 presents the results for Health Satisfaction. Table 3 shows that income correlates positively with health satisfaction. The positive correlation between income and health is well accepted [19, 9] . Nevertheless, the current income coefficients are not significant. Contrarily, the mean income coefficients are all positive and significant. This points to the hypothesis that income in this equation serves as a proxy for lifestyle. A family with a lower income will have a lifestyle and a riskbehavior that is more damaging to health (for instance, smoking, drinking, or obesity) and usually live in less healthy environments. The current income would approximate the access that individuals have to doctors and medicine. Thus, our results seem to indicate that the life-style effect is more important for health satisfaction (and status) than the income per se. It is also true that less healthy individuals are less productive and, as a consequence, have lower earnings. Therefore, the direction of the causality between health and income is not always clear [19] . Age is a very important determinant for health satisfaction, i.e., younger people are more satisfied with their health (see also [20] ). Education correlates significantly and positively with health satisfaction. Again, well educated people have most probably lifestyles that are healthier (see also [20] ) and thus education could be indicating life-style. The average number of children has a positive and significant effect for Easter non-workers, while the effect is non-significant for the other three groups. Kerkhofs and Lindeboom [20] using Dutch data for 1993 studied the influence of exogenous variables on misreporting health status. They found that labor market status was the only variable that had a significant effect on mis-reporting. This would support the division of the sample in four sub-groups.
The variance of v is more than 50% of the total residual variance. In order to compare our health satisfaction coefficients with a cross-section ordered probit, the coefficients of Table 3 need to be divided by about 1.5 or multiplied or divided by 0.7.
[ Table 4 about here] Table 4 presents the results for general satisfaction, which are very interesting. Table   4 shows that GS may be interpreted as an amalgam of the various DS's. Again, we find separate shock and level effects for the six DS. In our analysis we shall use for each sub-sample the level effects, i.e. the sum of the coefficients for current DS and mean DS). For example, for West Workers, the level financial satisfaction coefficient is 0.425 (0.159+0.265). Table 5 shows these effects for all DS for all four subsamples. Table 5 shows that the ranking of the importance of the DS on GS are similar for all sub-samples, the three main determinants of GS being health, finance, and job satisfaction. Furthermore, general satisfaction depends also on some objective variables. The direct income level effect is positive, except for West
Workers for whom the income coefficient is negative (-0.049). This can be interpreted as a correction on the joint income effects via all the six domain satisfactions. Income correlates with GS not only directly but also through all the DS (indirect effect).
Adding up the level direct and indirect income effects on GS, we find that income is positively correlated with GS for all sub-samples. Age shows a parabolic relation with GS, reaching a minimum between 30 and 45 for the different sub-samples. Similar results are found by [21, 22, 23, 24] . Table 4 shows that having a partner contributes positively to life satisfaction. This is a well-establish phenomenon in the literature (see, for example, [1, 22, 25] . Education is negatively correlated with GS, but only significantly so for West Workers. For Easterners, having children is negatively and significantly correlated with GS (for a similar result see, for example, [26] ). Females are, in general, less satisfied than males. Given these findings, it is interesting to notice that the estimates found for the GS equation are largely consistent with other existing estimates from other researchers and for other countries. This may be seen as an empirical validation for the use of subjective questions to measure well-being. In other words, it is an indication that individuals understand and respond to subjective well-being questions similarly and that answers among individuals can be compared.
The variance of the individual random effect explains about 25 to 30% of the total residual variance. This contribution is lower than the comparable figures for all six DS.
The money value of a health change.
In Section 4 we estimated General Satisfaction as a function of six domain satisfactions and a number of other objective variables. Similarly, the six domain satisfactions have been explained by objective variables. Taking a static situation as our point of departure, the level effects of the six domain satisfactions on General Satisfaction are tabulated in Table 5 .
[ Table 5 about here]
We are now especially interested in the effect of health changes. For instance, we look at the subsample of Western Workers. We notice that the level effect is 0.320 (i.e.
+ 0.124). It implies that if health satisfaction drops by HS ∆ , then GS drops by
0.320 HS ∆ . Now it is possible to translate such a health loss in terms of an equivalent income loss y ∆ .
The effect of ln-income changes on GS is fairly complex in this model, as income appears as one of the explanatory variables in each DS. Hence there are six channels along which income has an effect on GS. Moreover there is an additional direct effect of y on GS, as income itself is an explanatory variable of GS. All those seven ln-income effects are tabulated in Table 6 .
[ Table 6 about here]
Hence the effect of an income change on GS via job satisfaction is 0.221 x 0.339. Let us denote a column in Table 5 
We shall denote the value of the multiplier by k. The values for the four sub-samples, say ww k , ew k , wnw k , and enw k are given below in Table 7 .
[ Table 7 [3] for US data and by Groot [5] for British data. They estimated a health equation by Ordered Probit, which is roughly similar to our health equation, and they include dummy variables for various illnesses.
Just to get an idea, however imprecise, we shall use their disease effects, which we use as our health losses. Obviously a strong caveat has to be borne in mind, because we extrapolate health effects estimated from British and USA respondents to Germans. Moreover, these effects have been estimated by means of a different functional specification. Nevertheless, for a first illustration, lacking better, it will do.
We also notice that the estimations of Groot [5] and of Cutler and Richardson [3] yield roughly comparable disease effects, which makes it probable that the figures will also hold approximately for German respondents. An additional limitation is that the illnesses among individuals are not distinguished by degree of severity. In other words, individuals with, e.g., diabetes have the dummy variable 'diabetes' equal to 1 regardless of the severity of the 'diabetes' they suffer from.
As income is logarithmically specified, the equivalent income variation is in terms of relative income changes. We shall now actually calculate these equivalent income changes according to the general method outlined in Section 2 and Section 4.
Given our specification, the equivalent income variation (AC in Figure 1 ) is
In Table 8 and Table 9 , we present estimates of the first type, i.e. the equivalent income variation for various diseases. The estimates are created by combining our estimated model (health-income multipliers presented in Table 7 ) with the disease effects estimated by Cutler and Richardson [3] and Groot [5] respectively.
[ Table 8 about here]
[ Table 9 about here]
Our ordered probit equation has a residual variance higher than one due to the inclusion of an individual random effect. As discussed in Section 4, the residual variance of our Health Satisfaction equation is equal to )
In order to correct for that, the coefficient estimates of Cutler and Richardson [3] and Groot [5] have to be multiplied by ) ( 1 2 v σ + . Table 8 and Table 9 show that working individuals living in the West who, for example, get problems in hearing, suffer a decline on well-being equivalent to a reduction of their income by 21% when using Cutler's and Robertson's estimates, and 24% when using Groot's estimates. If the individual is not working, these percentages would be higher and equal 22% and 26% respectively. Similarly, the Eastern workers experience a lower relative income equivalent reduction than the Eastern non-workers for any given illness. of CVM, lead also to health valuations that depend on the income of the individual.
Discussion and Conclusion
In this study we addressed the question of what is the value of health gains and losses, expressed in monetary terms. The subject has a long history in health economics.
Torrance [27] in his now classical exposition distinguishes between 'economic benefits' and the 'value of health improvement per se'. It is 'the value to the patient, family or society of the health improvement itself, regardless of any economic consequences'. There is a well-established protocol on how to assess the 'economic benefits', although there are still a lot of unsolved problems, where ad hoc decisions have to be made. The second type of benefits, also sometimes called 'intangibles', is still much more problematic, although it is generally felt that it is an important component as well. Neglect of this component 'because we do not know how to measure it' leads to a gross undervaluation of health deterioration. When we look for the value of a health gain or loss the first question is who is the evaluator: the individual him or herself, the medical doctor, the family, or society. In our approach we focus on the individual, although we do not ignore that other parties are also Such is the case in health damage insurance or lawsuits, which are of increasing importance.
The present method is not intended to make the QALY-methodology redundant, but rather it must be seen as a complement to the QALY-method, with itself remains necessary for the evaluation of medical therapies in terms of health gains.
Obviously this method is in its initial stage and should be validated. Moreover a number of refinements may be conceived of. Nevertheless, we think these first results sufficiently promising to bring them to the attention of our colleagues. 
